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FACTOR OF SHG ELEMENT 

(57)Abstract: 

PURPOSE: To aim at the effective utilization of energy to a desired 
basic wavelength by obtaining an effective refraction basis of a real 
value of the change efficiency and a real value of the reflectance, and 
making this result feedback to the design of the SHG element. 
CONSTITUTION: A substrate 102 of LiNb03 of an SHG element 
100 is formed with an optical wave-guide 104. This optical 
wave-guide 104 is provided with periodical polarization reversing 
areas (domain reversing area) 106 so that refraction factors nl, n2 
thereof are different from each other, and areas, of which period is 
changed locally, are provided to form parts for satisfying the 
simulation phase matching condition (QPM SHG part) 110 and parts 
for satisfying the black reflecting condition (DBR part) 120. With this 
structure, the SHG wave emitted from the SHG device in two 
directions are synthesized by an optical synthesizer to utilize the full 
of the energy output from an LD as a basic wave light source, and the 
SHG efficiency can be improved practically. 
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©mstcrSo r -eti-enstt £n/cm 2 ©^&<t mss 

[0 05 0] ifc. Jt»LfcSHG*f<Dffe©s«t0!l£ 
LTtt. S«£L iTaO, §«£U C©L i TaO 

i.NbO, Sffi©. Ml©mS©Mfi>l©gP»k:C©^l 

[0.05 1 ] S?SU<W. ^jS3S£B?I2^1 © 50 



#H?6-194708 
10 

HGIR-? ©*^^SS«:S*^^$ 1±Tf£ S H GSt^- 
©SHG»$A5»C«!:&.5. S^&Kfcff SiSS A 

jfcgA 0 ., ChfcjfcgrAs.c fcJrC/A,,.. rt> 

f>^©3o©S(a), (b) . fcJrC/ (c) SrfflUT 

[0044] 



-n (A 5 . c ) ] } 

) 



(a) 
(b) 
(c) 



[005 2] Sfc. C©^or)SHG*^tc«ttitf. £ 

©S»|*5^7 ? i'SSf^fr^/c-rgp^ ( D BRgPiffr 
T*. ) iSlKfiMS^fr^fc-rSP^ (QPMSPi 

[005 3] C©*§£\ SfSL<«. DBRgfliQPM 

[0054]ifc, ^9©*s6S^r-B. JfSL-<«. DB 

[0055 1 1/c, C©jiW©SHG«K(Cj;niX, ± 

[0056]Sfc, C Oft«(D$H£«Kffl£> S H Gill! 
tCfclvCtt. ±i£t,fcSHGg^?-©DBRg|$£QPM3|5 

£. SDBRgp*ii:c/QPMa50«:ieg$nri,^^ 
^U-ifi. miiSDBRgPfcJrO-QPM^^n^ni 

B<ri2^»ftu— tf©Pi^®?r{£Si*®£ isXhzo 

[0057]*fc, C ©f6BJ©ffe©$?jg!liifefl!© S H G 
^gtC^t^T. iiS!2SHGJSI-^£2<lfflCv ^n^n© 
S H G3R-?-*WIB*i»f*:u— *f ©A*f^ti JrO'tBWS© 
S^K<i«(ltCiERL. cne>SHG^<tBUlB*^<*U 

[ 0 0 5 8 ] Sfc. C©^©ffi©«Fj(aHSSP!l©S HG 
$@tc*Jt»T. BulB2o©SHG^*>6©SHG^5: 

[0059] 



11 



b-l/>^S3 3 ©JSW©#S5g«£^© * 

L = A 5 „ 6 / {4 
{lb, n (A s<c /2) te<£tfn (A,. s 



(7) #gi^6- 1 94 70 8 
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[0 06 0 ] C©S HGat^FflMfcWjSStC. nJSE 

^ (7) T4if,nSL^**4. 
[0 06 1 ] 

[n (A sac /2) -n (A SMC )]}•••• (7) 
)BSHGf -X^V^^O^^fi^i&aifegA, 



i3«ji©fl2tllflfcJl|gi© 1 /2 KtB^-T £ . 10 
[0062 )'&IC. C©*afiftB«:||0fS HGIBWa* 

An = pA„, / [4L-n (A 0 .« 
SO, n (A„.. ) tt. A D ., «c«T4*WU3e**m 
©@#©JS&r3C P tt, IE©g&"C£>o-C. An#0< 
An<0. '1 03ffiffltc45l4 4J:5tCsKEf 4. 
[0063] S^ettft^gHlflM&tttttC <fc *) , 5£ 
(8)©Ltt, C©ffi-e©fc©-C&< , -e©-§HSfS££ 
(S#&©ifcB#5at,>t§-£\ £>.*>l,> ★ 
N =n+An • • • 

So 

[0065] Sfc. ^SWSSf^N %iE5i(CJ8ML/c± 

■c, QPMitjeswrss'HG*^-*^*). se>tc?as 
if&ossT^^fiiaif n«, sHG^©^^^*saat) 

n«. s HG*^**«B©-»»*b b r4*£& 
r «. c © d b R«s©s«3*ji vftw&Mm&vmm 

*3fcfe'SKttJt^bfc^J:9*&fcAn*flit,»4. ft 
-pT, C©SHG*^©^»jgKtt. C©An^J!)fc 

i § ic^ffl Lfc7£^3&©»^ft i swkhcri-©* 

frCJBfiS"* - *. C©<fc9K. D B RSiS^t QPM- S H 
ri,>5©-C, C©DBR8P#££S©S#igtfC3tfl,TSl 40 

8Mfctt&«^©?fcgK#bT©#&6-r. a*jg©c»<r 

L... =q A/4 [n (A) +An] 
flU A«S*«©{gg, qliiE©§»-C*or, 

v. 

[0 0 7 0] 

■ #KWr*. ft. C©^©SHGf^Rc;SHGSI 
©tt»i££^T0tt C©»W**ffiJBffl*aSff©. ■€•© 50 



C©&gA„.. fcJrCXIo^L*^^ (8) *>6An 
COWOJttlrtt. XMtLX&r Otis 



) ] • • • • • (8) 

★ tt, 3b-l/>^fi#fi<. -1 /tmiaeiTC*4»* 

^scntcK^-rs. ) . x (8) tt»5«:i2&/t,£& 

#Lftt»C <b*SKW{C^)*»->n»S©T, A„, ©ft 

[0 0 6 43 cnp»©M**>6SC (9) ^fflt^r 



(9) 



.[0067] 36K, C<D§m<D±&Ltcm®,<DS HG 

aatcj;ti«. ±aifcc©^i©sHG^*«# 

t<t#ffi*£. C©SHG^KinK, SHGl^-S 

m*mw<Dm&<m*&! l c3tffi uxmantiit *> ©r * 

Urj^(cfi#^t>«S£-r«Cd:(cJ:0. g£©^tt 
^<*U-f (LD) *e.©8* 

[ o o 6 8 ] WMt. LD<D-u<»i%wzycmsim=i- 

<f-4 (HR) imbOKAR3-f^>^t 
■S. -€-Ur. C©LD*DBR«a*WT5^jgISi 
^fi < J«:*S-^-r-&. CCDBROWJiatyfcSHG 

saSc-TS. C©£#, Jb*l/fcJ:5R:br«ftfcAnt 
*fl«JKB. C©ilW2Lo.« ( = A e „ ) tt 
%A (l 0) *risr5J:5K:SSr-5. 
[0069] 

• • • (10) 

[ 0 0 7 1 ] < S H G*^©H^SSf$©^S^i*©gi 
as>cn«, ^zg&?S©I^S*f^^^«:S'JSLr* 
»S. ^aue****** (LiNbO, . LiTaO, . 
KTP?) ©HW©S»f*©jSStt??tt«:K|-r-5f r -f 
<&fc<ttC. S-QPM SHG^tiifSJna 



CS) 
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[0072] SHGfKiMS L i NbOj "C^SSt, 

fcit^otsi^-r^. ifc. mim%@.tux. in 

P/I nGaAs P^ttU-lffcGS/flTS^fcSUE 

Lrtft?g-rs. io 
[0073]$fc-T. InP/lnGaAsP LDt. 

u— tfias^ec-rBirttS i i teTH-ri-ssr*^ 
£^T6©£ffit>£^£WKW-ci&9Jirs. com 

1 l*>P.!B6*>fti:'5K:. C©LD©«©t^(tl. 

3 1 I.e. D R R.3H* ($4 0 6.^4 
5^) t^btc^ifi. KfCSSBgbfc07-C*2.„ CO 

fg <t D B R i L r (DflHB i £*tfc £/<:«>©■£#£#* T 

20 

[0 0 7 4] S-QPM SHG©MSCClI^iI-3r# 
7Li>t. SHG*^3&>6©»StcJ:0LD*«^iiO. C 

CCDS-QPM S HGTii. QPM^t* 
L=3 As-c / (4 [n Us.« /2) 

5 A 5 „ 0 1212(29 2 4nmr*4. C©& 
S©@WI#r^n (-A,;, =924nm) =2. 164 
T$>*)> &tc. n (A 5 „c /2=4 6 2nm) =2. 2 
7 1-C*£©t\ SKtSilfc (5) 5£(CCft6©<iI£ 30 
f^Al/rti-g-r^i. L=6. 4 98ym£&S. 
[0077] 1 . 3 um(D~}5:m<D%;*tc-r§m? 

4*- K (LED) *b%^XC<D%mm&frh<DKM 
tSfeZm^tc. cntCtSi. 1. 3 2 7 umiCisi* 

(io) a.wxA-rzti-jLTvmmtuz. fiu CC 

T». p = 43it5„ 

[0 0 7 8 ] An = p x 1 . 3 2 7/4x6. 498 - 
n (1. 3 27) 

= 43x 1. 3 27/4x6. 498-2. 1 44 40 
= 0.0513 

^#-6An = 0. OStLXJzlK C©iAnttl*S 
■C. JWTlftBJ-r 4 S H G*T©efftC^^{Bi bxm 
[0 0 7 9] fc-5ii>bAn^ffla^<**-5,/c*K:tt. 

An^^tor-enew^fii^jJifenfiac^ so 
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* . •5fcto©^®S^jti§gft$5- 1 D B Rgp#£*fflT 4 £ <t 
*^^fr-c«ttt». ^©sSif©^.-?. tES&SS© 

m$>®fim*ift&-?xi,>tux. DBR^tg^^^sc^ 

[0 0 7 5 ] -5-C-C. CCTtt^f. KfCSftWLit 
(8) sStCfi^T. An**»5. feiT. 
Itl. 3 Mm^©LD^Sbr?T^-pfcK[^SI?r 

[007 6] $fer. y* v y yy?? -^©-usitt&gc 

»j£fflt,>TJlWrt* 6.5a m©#gSig8ljg£ L i N b 

o, iffiozi (c®-ct*s) (ct i am&mxBf& 
c (Dfs^x-ismmicftmix&mmoymmiz e. sum 

icMf&ZtiX^Z&mZtcltK fCt. Ti :-*t?7-{ 

+ tf^cw^amiciSUT A IHe £3fc#>.5. la i 

(nm) SlttJCS H©*?tg^ff.^©#{4-C<i: 

-^Tj^L/fcT i : D-y r J-Yly— *f(0^^f h^ft^M 
r-*4. Ti r A^V— tf©f>Jf#®H*S9 2 0 #> 

?>9 3 0 nmMStCK^nrCi-Sra^-C. 3;fc©QPM 

e. assc* 2 l * c £ «: & s „ 

C©i#. a (4) KfcOT. Hffltt=£#^Lfcm©fi 
Ai*>f>m=2iggWc. ?tj:t>*>. 
-n (A 5 „ c ) ] } • • f ( 1 1 ) 

[0 080] $ fc. C©HJfiMr'tt. LiNbO, 
Ki-jtSWl/toJJ. ffe©M*4r-$,-^rfc±^Lfc^Jt 
WtP^brAn^feSCitCj:*). ft*i£R<D2g 

[0081] <mmmzft±3#ztciib<D&m.Rum 
¥mw£8t<D3wi>'Aic. i&vxmzm^x&ibtcm 

mtskomm^^.LtcSHGm'mmi'C'o^xsimir 

[00 8 2] SI 3tC7^-rSHG^«, JrOSffiW^ 
^^©^sS^HSfca&fc, iSS$iJ®^a3 oot, 
H?«{B?S3 0 2i^tt,^. C©SHG*T- 
tt. LiNbO, OSt3 04iC©SS3 04O+C 

3 0 8i^i, 3 6K/I8!lft:5>®5[$s1fi£3 0 6©t£ 

T. 36*iSSS±{Cg5m^M3 1 0^lTgtf6m 
1 ©mg3 0 2 a i . m&3 0 4©il ©m§3 0 2a 
©MWJ©SP^K:C©mi©^®3 0 2 atCTSoT-en-e 
ft|§:W6*ifcSI2©m&3 0 2 b iT-ffSELfcmS3 0 

[008 3] S/c. *«3 0 4©m®3 0 2 *«WfcS 
©S*f(W©ffiK:». gg^oai^gibr©^^^^^ 
3 0 0=g:^:X. rC>-5. 

[ 0 0 8 4 ] feS*K3 10 £7#Sit3S 3 0 8 drffiW 



(9) 
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s H » £f«Sifl tc (RHx&t >ttt*-c«fiR-r 4 <onm * 
C©g|j&g09©t§^tt. C©gtmtfc|]i3 1 0£J13 
*5 1 —2 am?lS©S i 0,Jg3 1 0Tfil&bTl>-5. 
C©S i O, 13 1 0<Dtem*W&\tWfrWM&c£.Z> 

[oo85] m.m3 o 2 «. c oimMMomste. mm 

r««3 0 4ffiifr6?nA:teJ;L*££?»)lbfc2Jll8-c 
T(,>iHg*i*9, £SHg©*"Ctt&«3 04K 10 

-s c i tc j: o r 3 o 4 <t oy$mmtmmteitt 

f 101S30 2aiI2(Dli30 
2b<b©raPSGB^C*-r*Sijfc^K3O8'^0fM©* 
An (A) =- (1/2) • n J (A) 

<au r ,. u> w— ;x*^*«tt-c*»>. i. iNh 

O, .nt32xlO- ,, m/VC*5. ft. C©ffi©A 

-5. SfoT. mS3 0 2(CEpJraTS^E£3ilJa>-rSC£ 20 
tcj;«3. Jlffi^n (A)©»-e*^3t-l/^SL^ 
c Offli^^5li^A/{2n (A) } 

CtftX'%*>. C©«fc5teLT. C©3L£©ia££Ji»l 

E, = V/ (2G) • • • • • • 

(1 5) 5££ ( 1 4) SKfUTSi, (16)5£#f# ★[0 09 0] 

An (A) =- (1/2) • n J (A) 
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PBG«%SL/«c»tntfft6Q:^. £©gg&£#|-ett. C© 
Pa^HG^ 1 */m?Ifi<h^-5„ C©^S3 0 2tCtt > 

ttsivrfeo. c©?i#fflLS5®*^-LrsS3 02tc 

[00 86] mg3 0 2 tt J: 9 ^fMHISIbfcif 

©*^&iK3 0 8 *©»eKiE»«*s ct m^mi^m<o 
msx^mtiiC-o^xmrn-iri,. cc-c, c©s?f^© 

^MAn (A) ±U *«3 0 4©ZI4^jfi] (C®tC 

mo^mt-x^ ( 1 4) r-^ens. 

[008 7] 
• Ti, (A) • E, ••••(12) 
iS&QP M***** -5 S H Gm**$m-t h Ct&T-lf 
ZCtiCtt*,. 4#tc. t(Dm$&M<Z>i£'£lt. S-QPM 
S H G^T^lt -5 C <!: #"Ci* S C i tC tt 
[0 0 8 8]*K. «g3 0 2 tt^EV^EPflHL 
©SWco^-c^rgnrs. C©mBEV£EPttll,;fct§^© 

^i^gg 308 ©z ^©^ia^©^t# «* e* itm 1 

*J<t^2 ©m@3 0 2 ate<fctf3 0 2 b <Dfflffi&G-C 

&z>w&. mxxtoa (is) x^hinhctt^h 

[0 08 9] 



T jj ( A ) • (2G) 



(13) 



(14) 



(»«se«ia<o*s«. a/2) = 

CCT, 

(QPM^ft) = A/ [4 {n (A/2) -n 
(A) } ] 

(DBRM) =p A/4n (A) 

[009 2] ±i£Ltc (1 7) JSIiSHGXWfWK 40 

»k J; o ct* 6 ©m* m aw 4. 

[009 3] CCT, m&cmEV£Eflm-rS<fcllSr35 
n (A) ftsgftTS. C©fcao. QPM^fttttTF© 
(18) S;©J:^tc^<fc-r4„ 

(QPM^ft) = A/ [4 {n (A/2) +An (A/ 
2) -n (A) -An (A) } ] 
= A/[4{n(A/2)-(l/2) - n J • (A/ 
2) • r,, • (V/2G) -n ( A) + ( 1/2) • n 50 



tfr-C) «. J«T© (17) ^©J^KSi-SS. 

[0 09 1] 
(QPM^fr) 

(DBR^ff) (15) 

1 (A) - T 3J • (V/2G) } ] (18) 

— C©it©DBR^frH. tTF© (19) 5£©cfc 

[0094] 

(DBR^fr) = P A/4 [n (A) +An (A) ] 
= p A/4 [n (A) - ( 1/2) • n' (A)-t J3 
• (V/2G) ] • • • • (1 9) 

Ti. ^BKf^nfcQPM SHG*^©:»^e 

S t = (A' /2) - (QPM^fr) 
S t = (A' /2) - (DBRM) 
S H Glg^©S^{t^^l?jitC»'5< S-QPM^ 
#*>£©:£tt*s#££U 5 X ^0. 5, ^Oi&ofctS 
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[0095] ^K. mEE^EPML-fclg^QPM^fffe 

j:zfDBR^<Dmt(DmT<onm^^m-r. mi 4 

#&©$g (nm) tfMR. J5ts»S1«^©S 

S8*^0-CC»4. 0*. 3t-U>Xl(QPMift) 
£SJE-f -S^fcffiSn JttfKSU I SrinL/T&S. 
ftgUtt. mgtemff£EflJJDl'-Cl,>£i:<,>4£©QPM^ 
S^gl Itt. 11IC1 OVcmESrEPttH-fc 
l^<DQPM^fr^l/tU?.. 1*. (DBR 10 

3tfr)£fflli5I I I teiCJTRHI I VT^L/tTS>-5. fflgl 
I I I W&tcnE. ! &B)fiaUX\,>tj:^tifO>DBR3ift 

tm'u' me i vb. mmx. i o v©ftEE£EPflnbft:i§ 

ttl I*J:Cf I V<D&&<DJ9mi£. «E*EPiOLtt<r»* 

<DWg*t±.<DftW3MMi&o>mn t $m<o s h Gm^norn 

[0096] SfiiW®l4 Q PM^te itfD B R 

[0097] ^K. Sa^fSail/itlS^DQPM^fc 
.fc^DBR^frCD^tCOiH^DitS^^^r. HI 5 

R^4©ll<&£nrr@-C£>S. ttMU:. *;fci£©j&g 
( D m) «Sdrtt> sii*«fiJS©«JB*aor 

V>4. m<P. at-l/>^S (QPM^ft) £$S£-T£ 30 

3 0 0K©fiffiT(DJ#^CDQPM^fr5r^l/, SS*£V I 
«. 3 5 0K©^T©QPM^#£jnU-Cl,>£o — 

E*. (DBRM) ^ilVl I fcitflteiSSV I 
I ITSlt*?.. ffiiHV I I«. 3 0 0K©S^T© 
DBRiMSb, «8lVtt, 35 0KODBR^tt 
^l/tl^„ m 1 5 te^f <fc 5 tC. ffl&fgV I fcitfV 
I I I ©3t£©J§»!tt. 3 0 0K©*§£Ktt'<T4 0 n 

s^it^or)^ 43ns© s h Gm^omm t omtcm® 40 

ttfc:t©llK©gT-£>ftw:. SS*B»t5cticj: 7 

K: -T £ C 4 *5-c # 5 c 4 tc & . 
[0098] — «Hc. ?aK§flffli©^r*5. rnHMSPfcit'* 

fBBISiK; J; -j r ?f 5 c 4 #M * 0 1 »„ 
[0 099] $ /c. *HSE©7 * Y V V >77 -< ©&ftj£ 
fflOfttf. ^+nm©fiE-Cv?$->5:«iiiT-2,C4Ai 
T#-5„ fi£oT. ^SEOSHG^^fOfPiSKfe^^fpi? 50 
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mmt. u&isjzunn&imic «t g +#ic»iEf 5 c 4 
[ 0 1 0 0 ] ra. mi 4*s £um 1 5 KnkLtcmn^m 

te£VUmm<Dttn< l C : %-tc-iX\Z. SHG3R^-©&^ 

7 * - * 4 fcTF©ffi2:ftA 0 fc„ 

G= 1 nm= 1 x 1 0-'m 

r J3 = 32. 2X1 0- 11 m/V 

n ( 1 . 3 ym) =2. 1 4 5 3 8 

n (0. 6 5 urn) =2. 1 9 8 8 2 4 

p = 43 

C©«fc5«:. SHGSTOSiglSM^S&fm^TO^ 

©SSK <t 0 . #g^f£ft^©ji«#Jisifc&;g:#*> 

&26¥©itJi££0S C 4*5T^ -s. 
[0 1 0 1 ] A. i&bfcSS^Ktflllf^a)*©^ 
S-QPM SHG^^CO^^?>-r. DBRg|J^4QP 

[0102] < S HGm^<OWm>'XK.. S HGS^-fC 

$l89J-f Jb&LfcS (4) © 2-5©/<7 ^-^m. 
p©-5*3mCDffi«SlfSttK:tt 1 Sfc«2-C*-S. fifo 

r. L iNbO, *M«:pif-cSiwrS4. nt-U> 
XSL c ttS*jg3fe^©j^S*i 1 . 3 m mm&-e&tili 

6 dmigt*5. 'c©aflt©-+ttt?*ntf: 3U£©&' 
ntc*f-r p©ffl«4o?ia-c*) cn6©c4 4. 

LiNbO, ©flB8r*fc**r 4 . p ©ffl*s 1 ^Aj: n 
Ii(4)^-C^6n5*fttt0. 25Mm^^ib-r 
S„ CtlB. 3t-U->Xg*S0. 2 5 *zmK:*frc;T£ 

a*»o*<b»tc*ia'J : *«a»J!sU:'ffl*»< shg^s 

^jS!RttJ^C>C4 5rgl5*bri,».5». ^C-C> CO&W 
T-(*. DBR^iS©SP»4SHG*- ; ?-4 0T©gil^4?: 
l^-©^m (— ftfi-CSb -p T * fcttfiSUffJ-C* 
TfcJ:^. ) lcfcl,»r»§fr^C4tc«t«3C©Ppm?:ft? 
^■5. G©B#. ±3iOfc5K ( 1 ) tWcAn^ffil,> 

[0103]fCT, C©^§©SHGSR-^«, SHG 

^©-HifetaitrS l ^ l tc^r S H 

G*^l 0 0<Dffimx-kt> 0«x.tfL i NbO, ©«« 1 
0 2tc. K«:iftBJb/c4l^«^^k:cfc^T7fe^ffii 
0 4^Mt^. -ebr. c©*«^ssi 0 4(c«> s 

mm ( >sMffi$) i o 6 taw. *©«m*» 

^^^./c^5rSW-SC4CCcfc-^T, QPM SH 
GSC^l 1 04DB.RSi5^1 2 0 4*1tfiS;-r2.. C©^ 
^©f±^«a» *S* S . C ©^te^"C«. QPM S H 
G Bg|J# 1 1 0 ©^.pifflKc D B R§P# 1.2 0 *ttfT 



19 



(n, 



£>9. Cfte>DBR8P»l 2 OKSHGSKTl 

B RSP# 1 2 0 {tm#$i(D&&! f cZi Is XktmM&fr^ 
«JET*J:5fc-fc4>JS*3A D .. *SBE"rS©^fiC». C 

A B „ /2 = pA/4 [n (A) +0 
C Ct\ n ( 1 . 3 2 7) TN&i*^ 1.3 2 7/4 
(2. 144 + 0. 0531) = 0. 151 ifti. * 
«W*U— !f (LD) ^CDM^I*^ p#«ftr»4B 

/2 =1.06 um<t&£. 

[0 10 6]-^ QPM SHGSB»©¥jaJt8AsH« 

R= { [ 1 - (n, /n, ) n 2 
■5- [ 1 + (n l /n, ) n 2 
n, = n ( 1. 3 2 7) + 0. 0 5 1 3 = 2. 1 95 3 

n, =n(l. 3 2 7) +0. 0513 + 0. 001 = 
2. 19 6 3 

r*£*>6. 7. 5 0 MS (2X= 1 5 0 0) tTh«. 
R=0. 3922£&9, «(2 4 0%<9K«S#f#6n 
So DBRS^Cttttt. 1. 06x1500=159 
Of/in, Tttto^/l. 6mmggt*^ 0 
[0 109]£fc. QPM SHG»»tt5*6 10m 

^ftb^tffitt 6 . 6 6 1 1 . 6 m mgRr^rt i 

ciwi. rat>%. aesMDSHGJiw-fcit^r i o 

[0 1 1 0] ±3iLfc|yfe^r«, DBRSP»*SHG 

^ft<DKM%mt<t i o»tRwfc«r*4*s.- a 1 

Tcfc^k:, SHGSR^l 0 0<Z>Affl*«tCDBR«atl 
2 0*tnfft»tf, C^DBRSP^l 2 OrSHGSC 
#1 lom/cMiltfcJ:^ C^)J:^k:^-r 
Si, SHGi^l 0 0CDSHGa*«rilff<-rSCi3&J 
m*So DBRfltSl 2 0&*MWM<D*(DWtlLSH 

G^m&om&t . Affl*©wawcc d b Rum i 2 

'O^-en-etlSftWfcSHGSR^-flt®! OOiTtt. SH 
GaSKS*ttDBRCOS«**r iLtlTi, (1 - 
r) -MStefr£C£#&6nTl>£<DT*. C<D2o<DD 
BR*Sl 2 0«Pni(CB»/cSHG«?«Sa. lo 
©D BR *ffii£J!x- /cSH G Jt^T . 

(1 -0. 4) "*= 1. 67{S<hfc£„ SfoT, C©S 

[0 111] C©DBRSB»*5<fcC/QPM SHG3$# 
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* [0 10 4] CCt, SHGI??:- 09<t bt, B He 
^Lfc«i£<h«:Jitt^ S HGR^WWBfflfcSWfc 
lo<DSHGSfrfr<h. AWJSBfidtcSW/cloODBRSS 
»i*r*RELte«aSir4. fbt, L i NbO a £ 
MtCiO, 3&>o. S*tt(DiKSSl. 3 2 7/xmggi 
LT. AfttWCBHBTS. DBRSU^cd^WAo.. 

Sd2) me,n^ 0 

[0105] 



0 5 3 1 ] • • - ( 1 6) 

tj:iol5>DBR&fr<D-tmtt. S»**4 0«ltt«:ffl* 

[0107] Jli83<D&£X 4 U #SJ53£SP*K«* 

WDSmmRltXA (13) <7><£5K#;i6>ft£. 
[0108] 
/n, ) 2X ] 
(n, /n, ) »] } 2 •••(17) 

[0 112] ±5&Otc9mm<DSHGm*'ClZ. 

m—<Dm&<z>yGm$t& 1 o 4 #q pm s h g§b# 1 1 

0<tDBRSP#l 2 0i*«Wt«ii4on^. U 
f 6S2^tfj|©J:^^ C^QPM SHGSP# 

»«c, IWAshc fc«fctfA 0 .« ©fiW&5fc'tf . 

[0 113] <SHGSa®H9!>9ttC. H2. 03*5 
£VB4«MKt/T. COJWOS HGfiW«Kti9f« 

[0 114] C©SHG*fflE«:SH-r4«:afc0, 

(hr) rj-^^^^rntfat^js^ns^ asufc 
kbitc**. jmrncomw (sHG*f(c»»« 

- FK:J:£#ag£i£§CU StTJCDS-QP 

M SHGfl»PK4C>5Bft**fc-&a^. fCt, C 
©ftWttt, PUtf % c©g»«BH*HR=i— J^^> 
^T£ftfo9K:DBR*j&*flH>a. tODDBROlfctt 
(ciaLfcAntfflt^. 

[0115] fCT, @2H SHGJR?*QPM S 

HGSf»4DBR»»*fliao©a««:Rw, -en-eno 

PM SHGSP»©JR^F2 1 0 fei^DB RSB^©*^ 

ior«jsjsr«. cn&x-T-et-ti-etiQPM shg 
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2 1 OfciC/2 204. AfflM3ram©S8S®%iSKtf 

m&U— *f (LD) 230<h. 3t^#S2 4 0Wx.tfU 
#£*S££li-C. SHGH^Mb 
teWr**. C©i§-£\ QPM SHG§P#©gi^P2 1 
0fci^DBRgP^<DIST-2 2 0« > Jbi$ L fcHSSFIl© 
SHG«^©it^£HM§K:. SS®2 0 0 fc 0 2 
tcRttfcit*iftK2 0 4*J:CF2 0 6 ^SS^SS^ 

tt. D B RffiT&M* 2 2 0 ttKt«54 ^* <t*>tctb. 
+»ttfi-S£T*«DjWll». Wittf. DBR*jfi*?-2 

[0 1 16JB3H. SHG$|g<Df6<0iete«%^Bl 
-C*£. COmmffl-ei*. LD230 ©PSSM«CC0 1 
{C^SL/ci mm%:fti&<D S H G3RT- 1 0 0 4ffilLT. 
b>XS2 4 0^t, cn6SHGf?iLD2 3 
0<t*^WH:^Si±fc«Sjt<i:fig-5-CU^. £©#jl 20 
ftt. *2igSii&-C*£SH& (2co) «. g&Ztiti: 

hp -> tcm*& ( co > t -hkmshp^ e>i> tc&ttn 2 

[0 117] S4K*T88©ISJ£0i©SHG^£©;f»ig 
r*». SHG^*^«)/c1tit-C*f). |3tiWiiS 
HG«g©<fig©jaiffi8#i»t, BifSK:joDt:u>X^ 

*©te<w&w&*s (H^er) *?t^ 

/<2 5 0*J«fcC/2 5 2£ft*tf:£#7"5-^©)fc£fi£* 
g2 6.0K^T t ^2ig33j^«rJ®*«fc<IRf)airc 30 

[0 118] C©#SHJ«. J^Ufc|l*WK:©*l»eS 
fii fc©-eti& < ^ < ©^M*J J; C«Jg*fTfctr»» S C- 

tt. LiNbO, *Sfi©t*^<tL/Tm»fc*«. C©f£ 
HJ-Ctt. WttfL i TaO a £fcW:KTP*JBl>r*>fi 
l>. 

[0119] 

[#»©*&*] C©»JI«cj:tH*. S H GfH^OdKMiR 
iiS©!^®*?** S H G^^i D B Rfc&momffl 40 
tt&»6#©. SHG*^Rft«:c©tt**7*--K'< 
»*SH£-C*£. S£-pT. S'HGJR^BatoaWCjE 

[0120] hum. c©«H©*atsai/fe 

3©»ffl*f*«:*-5»,>TlHtS#lfcSHG*^K*j«r»r. 
SUEW8P*5 J:Of«»«l»tc J: ») *. tf. aiafUfi 

KfiOSHG^^g©|^£0&££#T?i*5. Tfc 
LDi&&fc%Wt UcQPM SHG^tS 
HG^^fiS^a'SE^CCiSt^UtmT-ffJfflf 4 C t 50 
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[0121] -tUC. fttCtt&LfcSHGJttFrttS- 
QPM SHG{Cfct,>Ttt^-S5^flfS©g|5»tGDBR 
i l/r©«tfet.*faS't*-2).iJS*s*-?fc*i, C©#69!© 
SHGSI^tCjrftW!. »SJS^«®a5»=&DBRibr 

(C»glbri>-5. ChlCfcO. 5fctCffiJgb/tS-QPM 
S HGK4st»Ttt,#f^ifcg©*KSHG^€:^ 

tf. ±i£L//c«fc^Jca*^iLr©ff.m©jgS«:*t-r-5> 
S HG3R-^<Z«BaiBJr**iEMl(c**SC & **&**© 
T\ C©IBWB*r**ffllr>-C.' DBRaR»©HJHA... 
**D5Ct*saj*. &6t9>£®£tc#j£UTSHG5lS : F- 

[0122] C©#£9i©SHG*?*,m»-CSHG£Sg 
«r<t^TT4i. SHG3R^#:&aSt8f&#tCQPM SH 
G^iDBRSfl-i LD©— #© 
«CQPM SHGgft9-*f4*©M«:DBRgP^4Sg 
tiCtKWOT. SHG«**flaE©SHG*«i 

2*Ta)tCH5*.SHG«€*^fi85-C^J«rntr. 

*4. c©i^{c. c©3%g8©SHG«gK:j:fttf. S 
HG»**5t*WK|6U:3-esc£*itt**. 

[01 ] C©»W©SHG3R7<D«liS©— SE(6«*«W 

IB 2]- C©»9i©SHGS«©— IBSI«*W8flf>K:jn 

[03] C©^Bj©SHG«g©{fe©*6feM4«W(c 

[04] SHGSIH©2-?©SHGffl**^^IS* 

[05] ft*© S H G X^OIKfCDM W<bittb(Dmi® 

[06] S H Ggg©M©iaK©/i:tf>OMSi 

[0 7] SHG^OSShOMWKft-r*. £*i&©% 
tgtefcfT 4 n t - u > *g L c J:^ L w©K^=&^-r 

[08] SHGSIfi©Sit©Si^©fc©©SHGilg© 

[09] SHGt|g©t£lt©i&l9JK;gi-r£. LD©|SJI 

[010] S H G»«©g»HZ>By»(C«-r4. S HG© 

[0 1 1] SHG^aoSSt^SftWtCfitTi.-LD©^ 

[012] C©#HB©*6»®#*fcje#aE©BMI!tc«-r 
•5.. Ti :t7 7 ^tl — WZ^P bJVf&6B-C8> 
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[m 1 4 ] S HG3R^©*afife»«:EPftl'Sn/cK»t Q 
P M^ft&tf D B R 3M£ <b <om$k H T * £ o 
[015] S H G*^ ©36»iS»Wft* tQP 

10 0: SHGSR^f- 

102. 200, 20 2, 30 4 :If 

1 0 4. 2 0 6. 2 0 8. 30 8 :*3KS8 * 
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* 106. 2 18. 2 1 9 : jmtbfWBnGNM 
110: QPM SHG35# 
12 0: DBR§P# 
2 10:. QPM SHGjii&ST- 
220 : DBR**** 

2 3 0: ^*#u-tf 240: 
250. 252 :*7 7 ^^ 
260:^?g 30 0:<WxS- 

3 0 6: J9Xlttaffix!Ktfjft 

310: mm&m 
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